Abstract. The purpose of this paper is to present a rehabilitation program following ACL reconstruction. This program consists of isotonic as well as isokinetic muscle strengthening components. Forty-five post-ACL surgery patients took part in this study. They were all male athletes participating in different events. Patients were divided randomly into 3 groups of 15 corresponding to 3 distinct rehabilitation programs which continued for 3 months after surgery. During the first month the groups followed the same paradigm. For the next two months, group A continued the practice by using only isotonic strengthening exercises, group B used exclusively isokinetic strengthening exercises and group C performed a combined program of isokinetic and isotonic exercises. The three groups appear to have improved until the 3rd post operative month, with highly significant pre-post differences in the various measured parameters. However, group C patients achieved the highest outcome scores and therefore our recommendation calls for a mixed isokinetic-isotonic program.
Introduction
The opinions and choices which follow rehabilitation of the knee after plastic surgery of the ACL vary in the scientific community and reflect the multiplicity of factors associated with optimal return of the patient to normal activity pattern. In particular, when the patient is also an athlete one of the most frequent questions concerns the time of the abstention after the operation. The answer depends on factors such as the nature of the injury, the grade of the lesion, the specific demands of the sport, the level of the athlete and the time where the injury occured in the year practicing cycle. The fastest way for an athlete to come back requires: acute diagnosis of the problem, proper operational procedure and 'aggressive' physiotherapy before and after the surgery [17] . Applying conservative programs return to full practice takes about 9-12 months post-operatively [4] . On the other hand, the return to the practice using an aggressive program varies from 4 to 6 months after surgery, but may also be fulfilled in 3 months [1, 2, 9] .
Fast regaining of full range of motion (ROM), especially in full extension, is one of the most characteristic points of the aggressive rehabilitation programs [1, 2, 9, 12] , in contrast with some conservative programs that demand immobilization of the joint initially [3, 6, 10, 11, 17] . Another element of the aggressive program is the extensive use of close kinetic chain (CKC) exercises. It has been noticed that CKC exercises were associated with an increase of the intrarticular forces and at the same time a decrease in the giving way forces [12] . In this way the stretching of the graft is avoided especially in the first stages; furthermore the stability of the joint is increased as well as the patient's confidence in his performance level [12] . Moreover, application of the aggressive rehabilitation programs, results in a higher rate of quadriceps conditioning compared to the conservative programs [12] .
Literature search has failed to indicate which of the muscle conditioning method was superior in terms of reaching the rehabilitation goal in the most optimal way. Therefore main purpose of this study was to compare isokinetic with isotonic conditioning methods as the main tool in rehabilitation after surgery of the ACL.
Methodology
Forty five male athletes (age 24.8 ± 5.6 yrs; height 185 ± 11.9 cm; mass 81 ± 14 Kg) participating in different events underwent patellar tendon bone graft (PTBG) operation due to lesion of ACL. The distribution per event was as follows: football 18 (40%), basketball 12(27%), track and field 5(11%), volleyball 3(7%), Tae Kwon Do 1(2%), cycling 1(2%) and amateur athletes 5-11.1%
The participants were divided randomly into three groups (A, B, C) of 15. Each of these groups was trained according to a distinct rehabilitation protocol after the first post-operative month in which all groups underwent the same protocol.
The common protocol that had been followed during the first post surgery month and which is outlined in Table 1 consisted of common physiotherapeutic modalities, functional exercises, isometric exercises and strengthening exercises in a close and open kinetic chain way. During the next two months the groups followed a basic therapeutic protocol of physiotherapy, functional exercises, isometrics, strengthening exercises in a close kinetic chain way and only did they differentiate between the practice of the knee extensors Table 3 Rehabilitation program 3nd month for group C (bolds are a common protocol in all three groups) TIME 9 PW 10 PW 11 PW 12 PW PHYSIOTHERAPY 1. TENS 2. massage/hydro 3. ice 10
Step : 10 -15 varied resistance 3. up-heels 6 × 15 one leg Group A continued practicing by using isotonic strengthening exercises only (Table 4) , group B used isokinetic strengthening exercises only (Table 5) while the group C performed a combined program of isokinetic and isotonic exercises (Tables 2 and 3 ). Our main concern was the planning of the programs to be in such way that the relevant protocols for strengthening that would be applied, would have strictly quantitative criteria and would achieve an isomeric distribution of the exercise's parameters in each group maintaining objectivity and fair rehabilitation for all the patients.
Thus, quantitative correspondence between isotonic and isokinetic practice was made so that 1RM (repetition maximal) in maximum isotonic effort, would equates the angular speed of 30
• /sec of maximum isokinetic effort. According to that, the correspondence was planned so that in every 10% of decline in isotonic effort to equal in 30
• /sec of increase in the angular speed Table 6 The differences between the three programs (groups)
TEST
1ST the progress of the thigh power and strength, as well as the function of the joint and their former condition. The ultimate purpose for performing these tests was to substantiate the most effective of the three rehabilitation programs. Six different control methods were accomplished by repeated measures so as to define the differences between the involved and uninvolved side (Table 6 ). These methods consisted of measuring variations in the following parameters at the end of the 1st, 2nd and 3rd post surgery month:
1. thigh's circumference 10 cm from the joint line 2. maximum isotonic effort (1RM) of quadriceps (leg extension machine -free weights) 3. isometric torque of quadriceps (CYBEX NORM, Lumex Inc.) 4. EMG output of vastus medialis (Bortec EMG, Bortec Electronics Inc.) 5. isokinetic torque of knee flexors and extensors at 60, and 120
• /s and the calculation of their ratio in these speeds well as the total work of these muscle at 180
• /s (CYBEX NORM, Lumex Inc.) 6. Clinical assessment using the Davies scale [3] at the end of the 3rd month, as well as a long term follow up during the 12th-15th and 18th. The SPSS version10 has been used for the statistical analysis. Parameters 1, 2 and 4 were analyzed using MANOVA with repeated measures. AN-COVA was used for parameters 3 and 5 whereas the 6th parameters was analyzed via ANOVA. The homogeneity between groups for the follow up measures was controlled by ColmogorovSmirnov Z-index.
Results
The results indicate that the three groups improved significantly through the 3rd month after surgery with highly statistical differences between the measurements (p < 0.0001). No difference was shown among the three groups during the measuring of muscular atrophy at the end of the first post surgery month (p = 0.90). The muscular deficit decreased during the 2nd month in all three groups but most prominent in group C (p < 0.0001 relative to A and B). Group B showed better improvement compared to group A but the dif- ference was not significant (p = 0.15). The same trend was noticed at the final measurement session (3rd month) when group C differed significantly from the other two (p < 0.0001) whicj in turn had similar results (p = 0.80).
The maximum isotonic strength (1RM) of quadriceps did not differ among the groups during the 1st post surgery month (p = 0.70). Group A improved to a greater extent compared to group B (p < 0.01) at the 2nd month; while group C had significant differences (p < 0.0001) relative to A and B. This trend proceeded to characterize the final scores (A > B, p < 0.01) and (C > A > B, p < 0.0001).
Similar developments took place with respect to the isometric torque of quadriceps:
No inter-group differences in the of EMG of vastus medialis were apparent during the first month (p = 0.1). In both the second and the third month group B appeared to be better than A (p < 0.03) and (p < 0.07) respectively. Correspondingly group C differed significantly from A (p < 0.0001) and B (p < 0.0001).
The isokinetic tests that took place during the 2nd and 3rd post surgery month showed improvement in all three groups with the abovementioned general order C > B > A. Group B appeared to improved better than group A (p < 0.0001) regarding peak moment of the quadriceps at 60
• /s and 120 • /s, ratio Q/H at
120
• /s and total work of the quadriceps and hamstring at 180
• /s. The Davie's Scale scores at the end of the 3rd post surgery month, showed that group C differed significantly from either A or B (p < 0.0001). Group B was relatively more improved than A without having significant statistical difference (p = 0.1). The same trend was apparent during the follow up evaluation at the 12th, 15th and 18th post surgery month in all three groups. Table 6 outlines the level of statistical difference among the three groups for every measurement. The symbol (>)indicates a significant difference whereas (−) signifies no no significant difference among the groups.
Discussion
The analysis indicates that isokinetic strengthening exercises result in higher functional performance compared to the use of the isotonic strengthening exercises only. The clinical evaluation and the functional controls are probably the most basic elements that help clarify the utility of the programs [5, 7] . It is evident that program C which provided a combination of isokinetic and isotonic exercises resulted in satisfactory functional rehabilitation of the knee. It is also obvious that the iso-lated programs of group A and B did not eliminate the deficits judged bilaterally [3, 6, 8, 15] .
The measurements of thigh circumference at the end of the 3rd post surgery month, indicated that group C increased significantly compared to the two other groups. Furthermore, in all measurements that referred to quadriceps (1RM, EMG, max. isometric torque, isokinetic torques and total work) C group showed significant differences compared to the other groups. With respect to groups A and B, the previous appeared to be better than B in measurements of 1RM (p < 0.01) and isometric torque (p < 0.001) while the latter was better in EMG measurements (p < 0.07), isokinetic torque and work (p < 0.0001). In measurements that referred to the hamstrings at the end of the 3rd post surgery month group C subjects evidenced a highly significant difference (p < 0.0001). There were no differences between group A and B except for total work (group B > group A).
In conclusion, the combined program of group C (Tables 2 and 3 ) appears to have resulted in the best scores among the three programs while indicating that the exclusive use of isokinetic exercises (group B) for strengthening post-ACL knee muscles is not warranted.
